With the rapid development of China's urbanization, land use automatic monitoring is imperative for the efficient allocation of resources and environmental conservation, especially in a metropolitan area with increased ecological-environmental stress as a result of large high-density population. Qingpu, a district of Shanghai, is located in Upper Huangpu Catchment for fresh water supply and an area of considerable ecological value, but it has been also experiencing development pressures from urban sprawl. An automatic procedure was proposed by using remotely sensed mass data to reveal the land use change in Qingpu District. In this procedure, historical remotely sensed data were first registered into the same spatial resolution and radioactive level. Then, data were subset via the boundary of study area for facilitating the following processing. Forward principal components rotation (FPCR) and iterative self-organizing data analysis techniques algorithm (FPCR-ISODATA) was developed to decorrelate or denoise data and divided the data into k groups (k>the number of land use types). After merging the same connoted groups and correcting misclassified units with promising accuracy, the series of land use map are created. The results further elaborated on the spatial-temporal change of agricultural land in Qingpu along with other land use changes over the past two decades. The conversions between land uses were shown as bare land appearing in a state of uncompleted development or transition. The results were consistent with reality and the method was accurate and practical.
Introduction
Land use change issue is so important that it entangles interactions between human and nature. Land resources management, environmental conservation and disaster prevention and mitigation need to obtain land cover or use information accurately and quickly [1, 2] . Time series of land cover information can be successfully obtained and mapped using remote sensing (RS) and Geographic Information System (GIS) techniques [3, 4] . Thus, monitoring land use change based on RS and GIS is feasible and cost-effective, which only need historical remotely sensed data and corresponding processing method.
RS techniques generated large amounts of data regarding earth surface, and GIS techniques provided an integrated platform to spatially analyze, model and map environmental change [5] . Quick automatic mapping played a valuable role in urban planning, policy making, and environmental protection [6, 7] . Previous studies focused on unsupervised and supervised classification methods, e.g., k-means, decision tree, changed vector analysis (CVA), and stochastic process [8] [9] [10] . Too much attention has been paid in the classification itself, and a few have been concerned with the procedure of creating land use map series using satellite large data. Even in the studies of land use mapping, the automation of procedure is hard to achieve, especially when there are lots of archived data.
China has been experiencing unprecedented rapid urbanization since the 1980s. For instance, Qingpu located in eastern China was a county of Shanghai before 1999. But it has been changing from an agricultural county to a suburbanized district of Shanghai with fundamental changes of land use. Thus, it is worthy studying the automatic process of quantifying land use change in the fast urbanizing area. Few literatures have studied thoroughly on the automatic procedure of creating land-use map series when facing large remotely sensed data.
This study enriched the regional cases of global land use change in the metropolitan areas. Qingpu District in the metropolitan area of Shanghai, an important upper catchment for water supply, was depicted in Section 2 as a case study area. In order to mapping land use change in this area during two decades, an procedure was proposed in Section 3, including data collection, geometrical registration, radiometric correction, data subset, classification method, and post-processing and assessment. The regression analysis in Section4 on the results showed that the area of agricultural land in Qingpu District decreased dramatically, along with urban or built-up area increased linearly in twenty years, which was consistent with the reality. This study provided a fast and convenient way for mapping frequent land use change in an area.
Study Area
Qingpu, as a district of City of Shanghai which is one of four directly administered municipalities in China, is located in the eastern Yangtze river delta silting alluviation plain (30°59' to 31°16'N, 120°53' to 121°17'E) ( Figure 1 ). Its total area is approximate 670 km 2 . It has been formed by the depositions from the Yangtze River during past hundreds of years. Lakes and ponds in the southwest of Qingpu District lie at water source protection area of Upper Huangpu River and play an important role in providing drinking water, irrigation, flood mitigation, and aquaculture to the Shanghai metropolitan area. The reasons for selecting Qingpu District as study area are as follows: (1) it lies at the water source protection area of Upper Huangpu River, (2) it has a large extent of fertile land, (3) it has been undergoing rapid urbanization, (4) it has human-directed land use diversity, and (5) government has interests in finding new types of greater developments [11] . After preliminary investigation, we grouped the land uses in Qingpu into five categories, i.e., water, agricultural land, urban or built-up, forest, and bare land. This classification scheme was made after referring Anderson et al. (1976) and Liu et al. (2005) . In Anderson et al. (1976) , the classification system was proposed for an up-to-date overview of land use and land cover throughout the region using satellite and aircraft remotely sensed imagery. Considering China's land-use situation, we also referred Liu et al. (2005)'s study of spatial-temporal land use change during 1990s in China. In this classification scheme, water body includes streams and canals, lakes and ponds; agricultural land includes paddy and vegetable fields; urban or built-up are mainly provided for human residence and workplace, including cities, towns, villages, strip developments along roads, transportation, communication facilities, and the areas occupied by mills, shopping centres, industrial and commercial complexes, and institutions that may, in some instances, be isolated from urban areas [12] . Bare land in Qingpu District was mostly caused by human's activities during the phases of land use transition for exploitation. Because grassland or rangeland was too small or fragmented to get to 30  30meter grid, this land type was omitted in the study.
Method
The procedure proposed contained 6 distinct steps (Figure 2 ) which were data collection, geometrical registration, radiometric correction, data subset or mosaic, classification, and post-processing with accuracy assessment. In the step of data collection, the Landsat Thematic Mapper (TM) images were gathering. The data came from China Remote Sensing Satellite Ground Station. The collected data acquired in four seasons of each year in order to distinguish different land uses better. Landsat-5 TM data were selected because they have covered the earth since 1984 with 30-meter spatial resolution multiple bands. Besides remotely sensed imagery, ancillary data were gathered for auxiliary. The ancillary data were topographic maps and Digital Elevation Models (DEM) at different scales, which provided ground control points to rectify remotely sensed images. In the second step, we selected 15 evenly distributed GCPs and used second-order polynomial model to geometrical registration with root-mean-square (RMS) error <1 pixel. In this step, the images should be re-sampled by the nearest neighbour algorithm because other resample algorithm (e.g., bilinear resampling) can distort the original spectral information in bands. After geometrical registration, radiometric correction was started to correct different atmospheric conditions, solar illumination, phonological variability, and other influences that produce radiometric changes [13] . Since it was not easy to fully get auxiliary information on the atmospheric conditions when the satellite overpassed the imaging area in the past years, a relative radiometric correction approach named radiation normalized processing (RNP) was introduced. In RNP, a certain number of invariant ground objects with no significant changes during years were selected from both the reference image and the image to be corrected. A linear regression was used to match the digital numbers (DNs) of the invariant ground objects in the images to be corrected to those in the reference image, i.e.,
where i is the band number, a and b are linear regression parameters and calculated from the DNs of all invariant ground objects by least square method (see [14] for more detail).
The acquired TM data was at least half scene. In order to eliminate the amount of computation on the redundant data, subset data via boundary of study area was reasonable. A classification algorithm named forward principal components rotation and iterative self-organizing data analysis techniques algorithm (FPCR-ISODATA) was introduced because multi-spectral data are often correlated and the principal components (PC) rotation can produce uncorrelated output [15] . If there are n m  pixels in an image, c bands of remotely sensed data can be expressed as: The FPCR was implemented on the matrix X first to obtain PC bands. The first few PC bands contained the largest percentage of data variance and the last one included the smallest variance. Then, the ISODATA was conducted on these PC bands to achieve k classes (k> the number of land use types, in the case, k=15). The "self-organizing" meant that the way in which it located the clusters that were inherent in the data. ISODATA calculated class means evenly distributed in the data space then clustered the remaining pixels using distance techniques iteratively. Iterative loops split, merged, and deleted classes until the number of pixels in each class changed by less than the threshold or the maximum number of iterations was reached.
The final step of procedure was post-processing with accuracy assessment. The output of FPCR-ISODATA was a classification map in which the different classes or clusters were shown in different colors. The meanings of these colored clusters in the classification map were unknown before identification. The post-processing with accuracy assessment consisted of combining classes and accuracy assessment using confusion matrix [16] . The overall accuracy was the agreement proportion of total samples and the kappa coefficient of agreement was based on the definition by Cohen in 1986. We deemed that when the kappa coefficient >0.75 meant that the accuracy was reached.
Results and Discussion
This area was a typical agricultural county in old days, which was validated by the land use maps created by our method (Figure 3 ). Before 1990s, built-up areas were small and separated; continuous large tracts were used as agriculture. As time went by, considerate changes on land use happened among which the decrease of agricultural land and the increase of built-up area were distinct. Especially entering into the new millennium, the built-up areas increased drastically and connected with each other and the green vegetation was shrunk in patches. The curves of land use changes in Qingpu in twenty year are shown in Figure 4 . From the figures, a considerate land use changes happened in Qingpu District. The decrease of agricultural land and at the same time the increase of built-up area was distinct in the curves. The area of agricultural land was exceeded by built-up area in 2007. The area of agricultural land in 1986 was 420 km 2 ; it was the largest land type among all and over 60% of the total area. This suggested that Qingpu was an agricultural county in the old days. With the development, the agricultural land decreased greatly after two decades. In 2007, it was 167 km 2 and only 25% of the total area. From Figure 3 , the decrease of agricultural land most occurred in central and northeast of the region. A lot of agricultural land removal happened around the central area where the People's Government of District located. Another large removal of agricultural land happened in the northeast of district, which is nearer to Shanghai city proper (also see Figure 1 ).
The built-up area in 1986 was 32 km 2 ; it only took ~5% of the total area. This meant that Qingpu was far from urbanization decades ago. After 20 years, it was about 209 km 2 and accounted for over 30% of the total area in 2007. During the period, urban or built-up land expanded more than six times. Moreover, the area of urban or built-up exceeded that of agriculture in 2007 and became the largest land type. The urbanization, of course, reflected the rapid economic development achievements in China since the introduction of market-based economic reforms in 1978, which always occurred around town centres. Especially, the most impressive urban expansion was located in the centre and northeast of district which correspond to agricultural land removal. Bare land or barren land appeared in this area were mostly in the transition stages of land use, or were prepared for using, especially construction and exploitation. Hence, it should accompany with other land changes, e.g., urban or built-up. It was note that only in 2004 the area of bare land was larger than urban or built-up land ( Figure 4 ). It indicated that old building or built-up were removed but the new ones had not been rebuilt. The official responded to this situation was implementing a regional land use plan for the area. In 2004, many buildings that did not conform to the plan were removed and redevelopment or transition of land had not completed. This led to in that period the area of bare land was larger than that of urban or built-up.
Water and forest area have always been considering as protection zones. The water area had the minimum change during the decades derived from the results. Forest area also had small changes. It occupied so small proportion of land that we could only find points of it in the maps.
Conclusion
In this study, a procedure proposed on land use automatic monitoring were proved to be speedily and effectively. The multi-temporal remote-sensing mass data with ancillary materials were collected at first. Because multi-source data always have different coordinated systems and imaging conditions, geometrical registration and radiometric correction were used to bring data into the same system based on the highest accuracy image. During the corrections, resample algorithm used was the nearest neighbor resampling to retain spectral information. After that, all data were clipped by the boundary map of study area in consideration of work load. The FPCR-ISODATA (forward principal components rotation to get irrelevant bands and followed by ISODATA) process divided data into k groups (note: k is larger than the number of all categories in the ground).This process was automatic, faster and effective obey with the concept of "automatic monitoring". Finally, post-processing with validation and verification was to achieve land use results with satisfying accuracy.
This novel "automatic monitoring" procedure was demonstrated in the case study of Qingpu District. The results were convincing for the analysis of development and the guidance for good planning and management of land. In the case, it was found that urban or built-up land notably increased in the northeast and central district with agricultural land decreased linearly. Integrating imaging data from various sources (e.g., Landsat, SPOT, RADARSAT), with different bands, resolutions, and time intervals is inevitable in this kind of research. Relief or other maps, statistical yearbooks may useful for cross validation. Ever-accelerated remotely sensed big data processing techniques can be decisive in land use change and related environmental issues.
